Resection is often recommended to patients with epileptic seizures harboring a brain tumor. Clinical studies from several epilepsy centers specifically report favorable seizure outcome in patients who had surgery on temporal LGG 10, 11, 12, 13 . However, unfortunately there is still no standard surgical approach, with some authors advocating lesionectomy alone and others arguing for more extensive resection 10, 11, 12, 13, 14 . The aim of the current investigation is to present a surgical series of patients with temporal LGG causing intractable epilepsy, focusing on long-term seizure outcome.
METHOD

Study delineation
A retrospective observational investigation was conducted with data collection from all patients treated in the epilepsy clinic of a Brazilian tertiary referral center. Patients selected were diagnosed with temporal LGG from January 1995 to March 2013. Clinical data were obtained retrospectively. For all patients with the diagnosis of temporal LGG on magnetic resonance images (MRI), the following data were collected: gender, age at surgery, handedness, type and number of antiepileptic drugs (AEDs) used and results of formal neuropsychological evaluations. The present study was approved by the Ethical Committee of our institution.
Patients with temporal LGG were included in the present investigation when fulfilling all the following criteria: (1) temporal lobe involvement only; (2) presence of preoperative MRI, neurophysiologic investigation with video-electroencephalogram (EEG) and neuropsychological assessment; (3) at least 1 year of clinical and radiological follow-up and (4) patients operated by an epilepsy surgeon with the same surgical strategy.
Pre-surgical evaluation
Patients were submitted to video-EEG monitoring using the Neuro Workbench software and a Nihon Kohden hardware. Every patient was analyzed by an experienced epileptologist as an integral part of inpatient assessment.
All patients were submitted to a neuropsychological assessment pre-and post-surgically (at 12 months). Verbal memory was assessed by a list of learning design, and figural memory by a design learning test using independent items. Memory deficits were defined as performance one standard deviation below of the normal performance of age-matched controls.
Brain MRI was obtained accordingly with a specific epilepsy protocol using a 1.5 Tesla Scanner. All MRIs were analyzed by an experienced neuroradiologist that confirmed the radiological diagnosis of temporal lobe LGG. Location of the tumor was divided into (1) mesial -mesial to the collateral sulcus (mainly the parahippocampal gyrus, hippocampus, amigdalum and uncus); (2) lateral -all structures lateral to the collateral sulcus and (3) whole temporal lobe -if both mesial and lateral parts were involved. All patients had MRI within 72 hours of surgery and in every year of follow-up. MRI was also obtained in order to see any recurrence.
The surgical extension of resection on temporal lobe LGG mainly depended on two factors: (1) proximity or involvement of mesial structures and (2) hemispheric dominance. The standard surgical approach on non-dominant hemispheres was anterior temporal resection with amygdalohippocampectomy whether the mesial structures were involved or not. However, on the dominant hemisphere the surgical approach mainly depended on neuropsychological testing: extended lesionectomy was performed if mesial structures were not involved and only partial resection when mesial structures were involved due to the high risk of severe memory problems.
Biopsy specimens were collected from all patients with chronic drug-resistant and radiological evidence of temporal LGG, who underwent surgical treatment. Standardized neuropathological analysis was performed in all patients under study. Surgical specimens submitted for neuropathological evaluation were microscopically analyzed by using hematoxylin-eosin staining. The pathologist reported their findings without clinical or imaging data.
Outcome assessments and follow-up
Follow-up investigations were carried out in operated patients. At the 12 months follow-up, all patients received a neurological examination including observation of behavior disorders, exploration of seizure outcome and a cerebral 1.5 Tesla MRI. Seizure outcome was classified according with Engel classification 15 .
Statistical analysis
Averages are expressed as the mean ± standard deviation (SD) for parametric data and as median values for nonparametric data. Statistical analysis was performed utilizing the Fisher's exact test. Long-term seizure outcome and surgical survival rate was assessed using Kaplan-Meier curves. A p-value < 0.05 was considered statistically significant.
RESULTS
A total of 69 patients with medically intractable epilepsy and pathologically confirmed tumors were identified and operated. Four patients were excluded from this sample because they did not reach a minimum one year of follow up. Table 1 shows the clinical findings of 65 patients operated with temporal LGG. Table 2 shows the summary of surgical findings of 65 patients operated with temporal LGG. We preferably performed total resection in order to have favorable seizure outcome and to decrease the chance of recurrence and tumor upgrade. On the right side, anterior temporal lobe resection with amygdalohippocampectomy was generally preferred. On the left hemisphere (generally dominant), we commonly respected the mesial structures due to the risk of severe memory. We had 9 patients (13.8%) in whom partial resection was performed due to the dominance of memory, although tumor involvement was documented. They are still under follow-up without any clinical or radiological deterioration. Two cases (3.1%) needed reoperation because of tumor recurrence, one patient with diffuse astrocytoma and one patient with oligodendroglioma. Table 3 shows the summary of seizure outcome of 65 patients operated with temporal LGG. The seizure-free survival rate of our series over time was illustrated through a Kaplan-Meier curve observed in Figure. Table 4 summaries the complications related to surgery of 65 patients with temporal LGG. However, it is important to note that as not all patients performed ophthalmological examination after surgery, it is difficult to provide exact rate of visual field defects. There was no surgical mortality in this study.
Histopathological diagnosis is described in Table 5 . Memory deficits were observed in 8 (88.9%) of 9 patients (13.8%) in whom subtotal resection of mesial structures was performed due to the dominance of memory, although tumor involvement was documented. Partial recovery of memory was noted in seven patients during follow up, however not reaching the normal limits for age. Of those patients with tumor on the non-dominant side, memory was shown to be preserved during follow up and all returned to work and normal daily life.
DISCUSSION
Most patients with LGG experience epileptic seizures as a presenting symptom 16, 17, 18 . Clinically, tumor-related seizures manifest as simple or complex partial seizures with or without secondary generalization 19 and, in more than 50% of cases, are pharmacoresistant 20 . When uncontrolled, tumor-related epilepsy affects patients' quality of life, causes LGG: low-grade glioma. LGG: low-grade glioma; *: Fisher exact test, p < 0.05 (Engle I).
cognitive deterioration, and may result in significant morbidity 21, 22 . In the present study, we have shown that males were more affected than females without a clear explanation and clinical symptoms usually appear in young age. Partial complex seizures were the most common type in our study and in similar investigations in other epilepsy centers 10, 11, 12, 13, 19 . There are still several controversies regarding surgical treatment of patients with temporal LGG and no standard guide exists showing the best surgical approach to this patients. There have been mainly four types of surgery including standard anterior temporal resection only, standard anterior temporal with amygdalohippocampectomy, extended lesionectomy with amygdalo-hippocampectomy and extended lesionectomy 19, 23, 24, 25, 26 . We generally performed the following protocol: in non-dominant temporal lobe, tumor removal was done by standard anterior temporal with amygdalohippocampectomy; but in case of dominant side, we respected the mesial structures and performed extended lesionectomy. When the mesial structures where involved by the tumor in the dominant side, we generally performed only partial resection (1-2cm) of the mesial components and followed the patient radiologically. This protocol is in agreement with groups that believe that tumors should be removed totally when feasible without adding any neurological deficits 19 . In the present study, fifty six patients (86.2%) had total resection and 9 patients (13.8%) partial resection, one in the right lobe and eight in the left. Memory deficits were observed in eight (88.9%) out of 9 patients. As long as the decision of whether or not partially remove the mesial structures on the dominant side affected by tumor is an extremely controversial theme on the international literature, we based our decision four mean topics: (1) according to the patient' s wishes, (2) amount of involvement of the mesial structures, (3) clinical conditions of the patient and (4) the functional reserve of memory established by pre-operative neuropsychological evaluation. Although a systematic scheme was propose, still more than 85% of patients evolved memory deficits. We believe a great amount of investigational studies addressing this issue are necessary to improve tumor control and quality of life of patients involvement of mesial structures on the dominant side.
Regardless of the type of resection, most investigations have proved surgery as an effective mean to control seizure in patients with temporal LGG (10-14, 19, 20) . Early operative intervention 12 , gross-total resection 14 , shorter history of seizure 27, 28 and preoperative seizure frequency 28 are other factors associated with seizure freedom in the surgical resection of temporal LGG. We had satisfactory rate of favorable seizure outcome, reaching 69.6% of seizure freedom (Engel I) and 88.8% of good clinical control (Engel I and II), which was in agreement with other clinical studies 10, 11, 12, 13, 14, 19, 20 . The extension of resection proved to be a statistically significant factor associated directly with better seizure outcome. In the present study, postoperative Engel I was observed in 39 patients (69.6%) with total resection and in only 3 (33.3%) patients with partial resection (Fisher exact test, p-value = 0.0435). The authors believe that removing as much tumor as possible, the surgeon will not only eliminate the epileptogenic action of tumor compression over the parenchyma, but also reduce the effect of epileptogenic substances released by glioma cells, such as glutamate, that have been proved as a possible cause of seizures 8 . Few discrepancies exist in the histopathological diagnosis of temporal LGG and most studies agree that gangliogliomas are the most common tumor type followed by DNET, astrocytomas and oligodendrogliomas 4, 19, 28, 29 . Our results reinforces that gangliogliomas are the leading neoplastic cause of refractory epilepsy of the temporal lobe. Glagliogliomas comprised 36.9%, followed by DNET with 21.5%, diffuse astrocytoma with 16.9%, oligodendroglioma with 13.8% and pleomorphic xanthoastrocytoma with 6.2%.
There are several methodological aspects in the present findings, which should be interpreted in the context of a number of limitations. Firstly, this study is a non-randomized retrospective investigation performed in a highly selected population of a tertiary epilepsy center. Secondly, these findings cannot be generalized for all types of tumors since only patients with LGG where included on the present investigation. On the other hand, the present study described the surgical outcomes of a relatively large number of patients that underwent surgery due to this pathology for a relatively extended follow-up duration.
In conclusion, the present study highlights that temporal LGGs are a significant etiology of intractable epilepsy and gross-total resection of the lesion is a critically important factor in achieving seizure-freedom.
